ABSTRACT Objectives: In mammals, the postnatal development of the gastrointestinal tract is characterized by vast structural and functional changes. Using a suckling rat model, we investigated whether red kidney bean lectin, phytohemagglutinin (PHA), a potent gut mitogen in adult rats, can accelerate the growth and maturation of the gastrointestinal tract. Methods: At either 10 or 14 days of age, suckling rats were daily gavage fed with PHA (0.05 mg/g body weight) or saline for 3 days. At 1 or 3 days after this treatment, gastrointestinal organ growth, intestinal morphology, disaccharidase pattern, macromolecular absorption capacity, and pancreatic enzyme contents were studied. Results: After PHA exposure, increased small intestinal growth and number of crypt cells were observed, whereas the proportion of enterocytes with supranuclear vacuoles in the distal intestine was decreased. The macromolecular absorption of the markers bovine immunoglobulin (Ig)G and bovine serum albumin and plasma levels of maternal IgG decreased, and intestinal disaccharidases switched toward an adult-like pattern. The pancreas weight and pancreatic protein and trypsin contents increased. These changes were partly reversible when the PHA treatment began at 10 days of age, but they persisted when the treatment began at 14 days of age. Conclusions: PHA induced enhanced growth and precocious functional maturation of the gastrointestinal tract in suckling rats. The effects persisted if the PHA treatment started at 14 days of age, but not before, suggesting an age dependent mechanism. These findings may lead to a better understanding of gastrointestinal maturation and constitute a basis for the treatment of mammals having an immature gut. JPGN 41:195-203, 2005.
INTRODUCTION
Mammals are born with an immature gastrointestinal tract that is characterized by rapid growth and vast structural and functional changes during the postnatal period, but there are some temporal variations between species (1-3). As a model for studying gastrointestinal development, the rat is especially suitable because it is an altricial species that is born with a highly immature gut and with much of its maturation temporally coordinated with the weaning process. After 2 weeks of age, the suckling rat starts to nibble increasing amounts of solid food, and the gut maturation then rapidly progresses and is more or less completed by the end of the third week (1, 4) . The gut development results in not only growth but also structural and functional changes, such as an alteration in the expression of the small intestinal brush border disaccharide-degrading enzymes from lactase to maltase as well as a noticeably reduced macromolecular absorption capacity (5, 6) .
A vital function of the intestine during the suckling period is to transfer intact macromolecules from the lumen to the blood circulation, thus transferring protective maternal antibodies by way of the milk to the pups (4, 7, 8) . This absorption is selective because the enterocytes of the proximal small intestine possess antibody receptors (FcgRn) and an apical canalicular/vesicular system specialized for the binding and absorption of immunoglobulin (Ig)G (4, (9) (10) (11) . The uptake of macromolecules in the distal small intestine is less specific and appears to be directed to the large supranuclear vacuoles for intracellular digestion (9) . During the weaning period, the apical canalicular/vesicular system, the Fcreceptors, and the large supranuclear vacuoles gradually disappear, and the enterocytes eventually attain the adult configuration. Consequently, the ability to transfer macromolecules into the circulation will be considerably reduced at weaning, a phenomenon known as gut closure (4, 9, 12, 13) .
Parallel to the development of the gastrointestinal tract, the exocrine pancreas also undergoes a maturation process that is reflected by an increase in weight and an increase in enzyme production and secretion. This progress is essentially completed by the end of the fourth postnatal week in the rat (14) .
In the present investigation, it was studied whether the lectin, phytohemagglutinin (PHA) from red kidney beans (Phaseolus vulgaris), could be used to induce the growth and precocious maturation of the gut and its accessory glands in an animal model using suckling rats. PHA has been shown to interact with the gut epithelium and stimulate the growth of the gut and the pancreas in adult rats (15) (16) (17) (18) . In the study, it was also considered whether there was an age-related susceptibility to the anticipated action of PHA. Alterations taken as evidence for gut maturation were foremost functional changes, such as decreased macromolecular transmission capacity, a shift in expression of the intestinal disaccharidases toward an adult pattern, and an increase in the presence of pancreas enzymes. In addition, morphologic changes, such as an increase in the diameter of the small intestine and in the number of crypt cells, enhanced cell proliferation, and replacement of the immature type of enterocytes containing supranuclear vacuoles in the distal small gut with adult-type enterocytes lacking such vacuoles, were taken as verification that the maturation process had been initiated.
MATERIALS AND METHODS

Animals
The study was performed on rats of the Sprague-Dawley stock (Mol:SPRD Han; Taconic M & B A/S, Ry, Denmark) conventionally bred in the departmental animal unit under a controlled environment, at a temperature of 20 6 1°C, a relative humidity of 50 6 10%, and a 12:12 hour light-dark cycle. The rats were housed individually (1 dam with her litter) in polycarbonate cages (Macrolon III) on chopped aspen wood bedding (Beekay B & K Universal AB, Sollentuna, Sweden), with free access to tap water and a breeding chow (rat and mouse autoclavable diet, B & K Universal AB) from a lid feed hopper. The birth date of the pups was designated as day 0, and the litter sizes were restricted to 10 to 12 pups within 2 days. The study was approved by the Lund University Ethical Review Committee for Animal Experiments and conducted according to the European Community regulations concerning the protection of experimental animals.
Chemicals
Red kidney bean (Phaseolus vulgaris) lectin, PHA, was purified by affinity chromatography on Fetuin-Sepharose-4B, as described elsewhere (16) . Albumin proteins were extracted by acetic acid from finely ground kidney beans, concentrated by ultrafiltration, and dialyzed against Tris-HCl buffer, pH 7.6 (19) . This preparation was then applied on a Fetuin-Sepharose column and washed with the Tris-HCl buffer, after which bound PHA was eluted with 0.05 mol/L glycine-HCl buffer, pH 2.5 containing 0.2 mol/L NaCl, dialyzed against distilled water, and freeze-dried.
The mouse monoclonal antibody for proliferating cell nuclear antigen (PCNA) and goat anti-mouse horseradish peroxidase (HRP)-conjugated antibodies were purchased from DAKO A/S (Copenhagen, Denmark). Diaminobenzidine (DAB; 0.05%) was obtained from Sigma Chemicals (St. Louis, MO), and the DPX media was bought from BDH Chemicals, Ltd. (Poole, England).
Bovine serum albumin (BSA), bovine IgG (BIgG), enteropeptidase, and benzoyl-DL-arginine-p-nitroanilid (BAPNA) were purchased from Sigma Chemicals. Rabbit anti-BSA and anti-rat (R)IgG were purchased from DAKO A/S, whereas antiBIgG was retrieved from ICN Biomedicals (Costa Mesa, CA). Azaperon (Stresnil) was obtained from Jansen (Kingston, Canada), ketamin (Ketalar) from Parke-Davis (Morris Plane, NJ), and aprotinin (Trasylol) from Bayer (Leverkusen, Germany). All other chemicals were of reagent grade.
Experimental Procedures
Two age groups of rats were studied: a younger group at 10 days of age and an older group at 14 days of age. The rat pups of each age group were weighed and divided into a treatment and a control group (split-litter model). Pups in the treatment groups were gavage fed with PHA (0.05 mg/g body weight [bwt]) dissolved in 0.9% NaCl (0.01 mL/g bwt), whereas the controls only received an equal volume of the vehicle 0.9% NaCl by way of an orogastric polyethylene feeding tube (0.96 mm outer diameter; PE50, Becton Dickinson, Sparks, MD) daily at around 9 am for 3 days.
One or three days after the end of the treatment (i.e., at the ages of 13 and 15 days, respectively, for the younger group, or at 17 and 19 days, respectively, for the older group), the pups were separated from their dams and at around 9 am gavage fed with a marker molecule solution (0.025 mL/g bwt) containing BSA (1.25 mg/g bwt) and BIgG (1.25 mg/g bwt) in 0.9% NaCl. After 4 hours, the pups were lightly sedated in CO 2 and anaesthetized with a subcutaneous injection of a mixture of azaperone (30 mg/g bwt) and ketamin (170 mg/g bwt). The abdomen and thorax was then opened and blood (0.5-1.0 mL) was collected directly from the heart with a 23G needle and a syringe containing 1.5 mg EDTA and 20 KIU aprotinin. After centrifugation at 3,000g for 15 minutes at 4°C, the plasma was removed and frozen at 220°C until analysis.
Immediately after blood collection, the entire pancreas was removed by dissection. The small intestine from the pylorus to the ileo-cecal junction was also removed and placed on a nonabsorbent surface, with care taken not to stretch it, and the length was measured. The small intestine was then divided into a proximal and distal portion of equal lengths, and the contents were flushed out with 1 mL ice-cold saline. The pancreas and small intestinal portions were weighed, frozen in liquid nitrogen, and then stored at 270°C until analyses. Finally, the stomach, opened and rinsed from its content in ice-cold saline, and the spleen, liver, and thymus were dissected and their weights were noted.
Measurements
Intestinal histology. For histologic analyses, 1 cm long segments from the most proximal and distal portions of the small intestine, respectively, were collected and fixed in Bouin's solution for 5 to 7 days. The tissue was embedded in paraffin and cut in sections of 5 mm thickness, according to standard procedures, and the sections were stained with hematoxylin-eosin for light microscopy morphometry. Measurements were performed on the intestinal cross-sectional diameter. Furthermore, the enterocytes of 30 well-oriented villi were analyzed for the presence of supranuclear vacuoles, and cells containing supranuclear vacuoles were presented as a percentage of the total number of villous enterocytes (8, 9) .
For immunohistochemical analysis of proliferating crypt cells, the sections were blocked for endogenous peroxidase activity. The staining was performed using mouse monoclonal antibody for PCNA as the primary antibody and goat antimouse HRP-conjugated antibodies as the secondary antibody. DAB (0.05%) was used to visualize the peroxidase, and the sections were counter stained with hematoxylin. Finally, the slides were dehydrated and mounted in DPX media. The sections were imaged using an Olympus PROVIS microscope (Olympus, Tokyo, Japan) and an Olympus DP50 camera and thereafter processed to detect the number of PCNA positive (PCNA + ) cells in the crypt zone by using the ImageJ (20) program. The results were quantified by counting the numbers of PCNA + and PCNA negative epithelial cells in 8 to 10 crypts from each portion of the small intestine (21, 22) .
Marker Molecules in Plasma Samples
Plasma levels of marker molecules 4 hours after gavage feeding were quantified by electroimmunoassay (23) . The BSA assay was performed using purified BSA as the standard and anti-BSA as the precipitating antibody, whereas the BIgG concentration was determined using purified BIgG as the standard and anti-BIgG as the antibody. In addition, the endogenous rat (R)IgG plasma level was quantified by electroimmunoassay using purified RIgG as the standard and anti-RIgG as the antibody (23) .
Intestinal and Pancreatic Enzymology
The proximal and distal portions of the small intestine were thawed and homogenized in ice-cold 0.9% NaCl (1:10 wt/vol). The disaccharidase activities (i.e., maltase, sucrase, and lactase) were measured by incubating the homogenates with the appropriate disaccharide for 1 hour, after which the liberated glucose was measured with a glucose oxidase reagent in accordance to the Dahlqvist assay (24) . The protein contents of the intestinal homogenates were determined by the Lowry method (25), modified for 96-well microplates (26) and using purified BSA as the standard.
The pancreas was homogenized using a glass homogenizer, in ice-cold 0.2 mol/L TRIS-HCl buffer + 0.05 mol/L CaCl 2 , pH 7.8 (1:10 w/v), and centrifuged at 15,000g for 20 minutes at 4°C. After activation with enteropeptidase, trypsin activities in the supernatants were determined spectrophotometrically with a microplate modification (26) of the original method of Fritz et al. (27) , using BAPNA as the substrate. The protein contents were determined by the Lowry method (25).
Calculations and Statistics
To compensate for individual variations in bwt, the organ measurements and the pancreas parameters were presented per gram of bwt. All data were presented as means 6 standard deviation (SD). Statistical comparisons between PHA treated and age-matched litter control rats were performed using a twoway analysis of variance with litter and treatment as independent factors (28) . Differences were considered significant when P , 0.05, P , 0.01, and P , 0.001.
RESULTS
After 3 days of enteral exposure to PHA, beginning at either 10 (younger age group) or 14 days of age (older age group), the organ growth, morphology, and functional maturation of the gastrointestinal tract of suckling rats were evaluated at 1 or 3 days after the PHA treatment, in comparison with their age-matched controls.
Effect on Body Weight and Organ Growth
Exposure to PHA reduced the normal bwt gain of the pups, and this weight effect persisted in the older age group 3 days after the last treatment ( Table 1 ). The organ weights (relative to bwt) were generally increased after PHA treatment compared with the age-matched controls. The small intestine, both the proximal and distal parts (Table 1) , and the pancreas (Table 2) were significantly heavier in the PHA treated pups, regardless of their age, whereas the liver (Table 1) weight only differed significantly 1 day after the PHA treatment. The weights of the stomach were significantly heavier in the PHA-treated groups at all ages, except for in the younger treatment group at 3 days after the treatment (Table 1) .
Analyzing the small intestine further showed that the relative length (Table 1 ) and diameter (Table 3) was significantly enlarged one day after PHA treatment in both age groups. Moreover, the increase in intestinal length and diameter of the proximal small intestine persisted after 3 days in the older age group (Table 1) .
The total number of crypt cells had increased 1 day after PHA treatment in both age groups, whereas the amount of PCNA + cells only showed a significant increase in the younger age group (Table 3) . Three days after the PHA treatment in the younger age group, the amount of PCNA + cells had decreased in the distal portion of the small intestine.
Effects on Enterocyte Vacuolization
The enterocytes of the distal small intestine were further analyzed for the presence of supranuclear vacuoles as an indicator of fetal-type enterocytes (9) . The results showed that the percentage of vacuolated enterocytes continually declined after PHA treatment in the older age group but not in the younger (Table 3 ). This effect is also illustrated by the photomicrographs showing the older age group (Fig. 1) . In the 17-day-old controls, vacuolated enterocytes were found along the whole villi, whereas in the PHA-exposed rats, they were restricted to the upper half of the villi. By the age of 19 days in the PHA group, the vacuolated enterocytes continued to disappear, and almost all vacuolated enterocytes had vanished from the villi.
Effects on Intestinal Macromolecule Absorption
By measuring marker molecule plasma levels 4 hours after marker gavage feeding and by determining the blood plasma levels of circulating RIgG of maternal origin, the intestinal macromolecular absorption capacity was determined in the suckling rats. In the control animals, the marker molecule plasma levels (i.e., BIgG and BSA) declined with increasing age (Fig. 2, A and B) . PHA treatment resulted in significantly declined plasma levels of both BIgG and BSA in comparison with their age-matched controls. However, 3 days after the last PHA treatment, these differences were reduced, mainly because BIgG and BSA control levels also decreased with increasing age. However, the macromolecule plasma levels of the treated rats still remained significantly lower than those of the controls.
The absorption of maternal IgG, as indicated by the circulating RIgG levels, also showed a significant decrease in both age groups because of the 3-day PHA treatment (Fig. 2C) . Results are presented per gram body weight (g bwt) and expressed as means 6 SD. PHA-treated rats were compared with their respective agematched controls by two-way analysis of variance with litter and treatment as independent factors. Differences with P , 0.05(*), P , 0.01( †), and P , 0.001( ‡) were considered significant. Measurements of the weight (n = 9-20), and the pancreatic protein content (n = 9-20), and trypsin activity (n = 9-20) were performed 1 and 3 days (at 13 and 15 or 17 and 19 days of age) after the last treatment.
Results are presented per gram body weight (g bwt) and expressed as means 6 SD. PHA-treated rats were compared with their respective agematched controls by two-way analysis of with litter and treatment as independent factors. Differences with P , 0.001(*), P , 0.01( †), and P , 0.05( ‡) were considered significant.
Effects on Intestinal and Pancreatic Enzymology
The activity profile of the brush border disaccharidases, lactase, maltase, and sucrase was used as a marker for the functional maturation of the gut. The lactase activity decreased gradually with age in the proximal small intestine in the control pups (Fig. 3A) . In both age groups, the PHA-fed pups showed a decreased lactase activity in the small intestine at 1 day after the PHA treatment (day 13 and 17, respectively) (Fig. 3, A and B) . This activity was subsequently restored to control levels after 3 days (days 15 and 19, respectively).
The sucrase and maltase activities in both the proximal and distal small intestinal regions were very low in the younger control rats but increased markedly between 17 and 19 days of age in the older group (Fig. 3, C to F) . In the younger age group, PHA exposure did not affect the sucrase and maltase activities, in general, except for the maltase activity that was temporally increased in both regions 1 day after treatment. On the other hand, in the older age group, the sucrase and maltase activities considerably increased because of the PHA treatment. By 19 days of age, the control levels of these enzymes had increased noticeably, whereas at the same time, the PHAinduced levels appeared constant. Thus, no significant differences in the activities of sucrase and maltase could be found between the PHA-treated and controls, with the exception for the sucrase activity in the proximal small intestine where the PHA exposed pups displayed a significant higher activity.
The pancreas of the PHA-treated pups, in addition to an increase in weight, contained more protein and had higher trypsin activity than did that of their age-matched controls irrespective of the age at which the treatment had begun (Table 2) .
DISCUSSION Effects on Gut Growth
Consistent with several studies on adult rats (16, 18, 29, 30) , these results showed that PHA orogastrically administered once a day for 3 days also had a strong growth-promoting effect on the gastrointestinal organs of the suckling rats. In relation to the age-matched controls, PHA treatment resulted in gastrointestinal organ weight increases varying from 8% to 68%. In most cases, the PHA-induced growth of the organs was still evident 3 days after the cessation of the PHA treatment even though the weight gain, in general, had apparently leveled off by this time.
As shown by the morphometric measurements, the accelerated growth of the gut resulted from the combination of an increase in its length and cross sectional diameter.
These findings correlate with the enhanced crypt cell proliferation, demonstrated by the increased number of cells per crypt found 1 day after the PHA treatment. Moreover, this was also supported by the significant increase in the number of proliferating crypt cells (i.e., PCNA + ) cells at 1 day after treatment in the younger age group. This is in accordance with earlier studies on adult rats where PHA was shown to increase proliferation in the gastrointestinal tract (17, 31) . It cannot be excluded that, in addition to the mucosal proliferation, a cellular infiltration of the lamina propria and enlarged submucosal and muscular layers might also explain the increase in gut weight. The results indicated that the trophic effect of PHA was transient, but the accelerated growth was so potent that the organs reached 
Measurements of the small intestinal cross-sectional diameter, the number of total crypt cells, and proliferating cell nuclear antigen positive (PCNA + ) stained cells (n = 5-6) from of the proximal and the distal small intestine were performed 1 and 3 days (at 13 and 15 or 17 and 19 days of age) after the last treatment. In addition, the percentage of supranuclear vacuole (SV) containing cells of villus enterocytes of the distal small intestine was evaluated (n = 6-11).
Results are expressed as means 6 SD. PHA-treated rats were compared with their respective age-matched controls by two-way analysis of variance with litter and treatment as independent factors. Differences with P , 0.001(*), P , 0.05( †), and P , 0.01( ‡) were considered significant. sizes that only normally would have been observed several days later during the postnatal development.
Effects on Enterocyte Function
In addition to enhanced growth, the results showed that PHA exposure led to a precocious maturation of the gut function. The PHA-induced functional maturation of the intestine was characterized by a decrease in the macromolecular permeability and a change in the disaccharidase activity pattern. The response of the older age group to PHA exposure was more marked than that of the younger age group because the BIgG transfer to the blood plasma was only 2% to 3% of the control levels, whereas it was not as low in the younger experimental group. This essential cessation of BIgG uptake seen in the older PHA-treated group indicated that the gut closure process was nearly finished, and this was likely caused by the loss of the specific IgG-receptors (FcgRn) required for effective transcytosis of IgG antibodies in the proximal small intestine (9, 12, 13, 32) . These findings are supported by concomitant decrease in the absorption of maternal IgG, as indicated by the lower IgG serum levels observed in the PHA-treated rats. Similarly, PHA treatment also reduced the transfer of the second marker, BSA. Although the route and the mechanism for the nonspecific macromolecular transmission is poorly understood, the decreased absorption of BSA was probably related to the disappearance of the apical canicular system and the supranuclear vacuoles in the enterocytes of the distal small intestine (9) . In fact, the morphologic results clearly showed that PHA exposure led to a gradual replacement of enterocytes containing supranuclear vacuoles (fetal-type) by enterocytes lacking these (adult-type) in the area (9) . Thus, the data provided evidence for an intestinal maturation response to PHA, resulting in changed enterocyte phenotypes with respect to endocytosis capacity and macromolecular uptake in both the proximal and distal portions of the small intestine, especially in the older experimental group of suckling rats.
This investigation has shown that the alteration in the disaccharidase activity pattern caused by the PHA treatment, with decrease in lactase activity and an increase in maltase and sucrase activities, resembled that of weaned and adult rats (5, 6) . In the younger group, lactase and maltase activities were only slightly affected on PHA treatment, and by 3 days after the end of the treatment, both activities had returned to control levels. In contrast, in the older rat group, the activities of all three disaccharidases had changed noticeably after PHA exposure. However, at 3 days after the end of the PHA treatment, the difference in sucrase and maltase activities between the PHA treated and the controls pups leveled off, mainly as result of a great increase in these activities in the controls. Taken together, the results suggest not only that in response to PHA given at ages between 14 to 16 days of life the gut underwent intestinal closure but also that it assumed an adult disaccharidase activity pattern.
Effects on the Pancreas
Our results showed a profound growth effect and functional maturation of the pancreas in response to PHA, irrespective of the age when the treatment started. Both the total soluble protein content and the enzyme (trypsin) content of the pancreas increased in the PHA treated pups. Because the PHA-induced changes appeared to persist up to 3 days after the end of treatment in both groups, a maturation of the pancreas is proposed. It was likely that PHA exposure might affect the pancreas as a result of release of gut hormones, possibly after binding to the enteroendocrine cells. In fact, PHA-induced pancreas growth and enzyme secretion in adult rats occurred in part through a cholecystokinin-dependent pathway (15, 16) . However, it has been observed that the secretion of amylase, another pancreas enzyme, could also be induced by the direct binding of PHA to acinar cells both in vitro (33, 34) and in vivo (33) .
Conclusions
The major finding of the present study was that enteral exposure of PHA for 3 days to suckling rats stimulated the growth and induced functional maturation of the gastrointestinal tract and the pancreas. Similar effects on the gastrointestinal tract have been observed after exposure to polyamines and after precocious exposure to solid feed in an early weaning model (35) (36) (37) .
The effects of PHA appeared to be age-related because they were persistent when exposure occurred between 14 and 16 days of age (the older age group) but were partly reversible when administered at a younger age (i.e., between 10 and 12 days of age). Whatever the explanation, the present data suggested that an inborn maturational clock is manifested in the gut of suckling rats because by   FIG. 2 . Plasma levels of the marker molecules (n = 9-20), bovine immunoglobulin G (BIgG) (A), and bovine serum albumin (BSA) (B) 4 hours after orogastric feeding to suckling rats and of circulating rat IgG (C) of maternal origin (n = 9-20), at 1 and 3 days (at 13 and 15 or 17 and 19 days of age) after treatment with phytohemagglutinin (PHA) or saline (control) for a 3-day period starting at either 10 or 14 days of age. Results are expressed as means 6 SD. PHA-treated rats were compared with their respective age-matched controls by two-way analysis of variance with litter and treatment as independent factors. Differences with P , 0.05(Ã), P , 0.01(ÃÃ), and P , 0.001(ÃÃÃ) were considered significant.
3 days after treatment, the altered enterocytes appeared to be replaced by fetal-type enterocytes again in the younger treatment group but by the adult-type cells in the older group. The mechanism of action of PHA is not exactly understood, but a reversible binding to specific carbohydrate moieties in the brush border of the epithelial cells in the gastrointestinal tract has been shown to occur in the adult rat (18, 38) . PHA might interact with receptor structures in the cell membrane, mimicking or blocking the natural ligands, and thereby giving rise to the many effects observed locally in the gastrointestinal tract. Results suggesting a direct mitogenic effect of PHA on enterocytes (31) correlated well with the strong trophic effects observed in the gut of adult rats after enteral exposure to PHA. Moreover, earlier studies have shown that enteral exposure to a crude PHA preparation might induce maturational changes in enterocyte membrane proteins in young rats (39) . PHA exposure might also induce some indirect effects because the growth of the pancreas may at least in part be mediated by the release of gut peptide hormones, such as cholecystokinin and enteroglucagon (16) . However, the PHA transported by endocytosis through the epithelial mucosa to the general circulation might also contribute to the systemic effects. An activation of lymphocytes with resultant cytokine release, affecting, for example, crypt cell proliferation, might also be possible.
In summary, it was found that enteral exposure of suckling rats to PHA led to accelerated growth and precocious functional maturation of the gastrointestinal tract and the pancreas. The data also suggested that there appeared to be a time period at approximately14 days of age after which PHA was able to induce irreversible changes in the gastrointestinal tract that resembled the natural maturation at weaning, such as gut closure, alteration in the mucosal disaccharidase pattern, and increased pancreas function. These findings might lead to a better understanding of gastrointestinal maturation and constitute a basis for a treatment of mammals having an immature gut. , and maltase (E and F) in the proximal and distal small intestine of suckling rats, at 1 and 3 days after treatment with phytohemagglutinin (PHA) or saline for a 3-day period (either between 10 and 12 days or between 14 and 16 days of age). Results are expressed as means 6 SD. PHA-treated rats were compared with their respective age-matched controls by two-way analysis, and differences with P , 0.05(Ã), P , 0.01(ÃÃ), and P , 0.001(ÃÃÃ) were considered significant. acknowledged for their financial support. Dr. Marzena Biernat is the recipient of a fellowship award from the Foundation for Polish Science.
